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I.

Introduction
The increasing availability of high frequency data allows performing more detailed research on the financial market microstructure. Empirical analysis of high frequency data on financial markets has yielded interesting results on, for instance, the volatility distribution of asset prices, dynamic relationships between stock indices and their corresponding futures contracts and the impact of news on asset markets. 1 However, a still unresolved empirical question is how European stock markets respond to movements on other stock exchanges in the short-term. To our knowledge, this analysis is the first empirical attempt to characterize price interactions in three important European futures markets: the German, the Pan-European and the British using high frequency data, namely, using minute-by-minute returns. In addition, we analyze the role of macroeconomic news as a source of international equity market linkages.
Interdependence among national stock markets has been widely analyzed. Early studies, for instance Grubel and Fadner (1971) , have found that interdependence of share price movements is much less pronounced among countries than within a country. More recent works have paid considerable attention to the structure of interdependence among national stock markets. Most empirical research has focused on stock returns rather than on stock prices. A partial list of such work includes Eun and Shim (1989) , Campbell and Hamao (1992) , Bekaert and Harvey (1995) , and Ammer and Mei (1996) . Recognition of the non-stationary property of stock prices had led other researchers to explore possible long-run relations among national stock markets, using the notion of cointegration, as formally defined in Engle and Granger (1987) . Kasa (1992) , Malliaris and Urrutia (1992) , and Francis and Leachman (1998) found evidence of long-run interdependence of major stock market prices. However, these studies generally fail to address the contemporaneous structure of interdependence amongst international stock markets.
Previous empirical studies of the dynamic relationship of the major world stock price indices use monthly, weekly or daily data to investigate the interdependence of stock markets. Eun and Shim (1989) use a Vector Autoregressive (VAR) model to report a substantial amount of interdependence among national stock markets. King and Wadhwani (1990) , in a study of the period at the time of the 1987 stock market crash, document how price movements in one market are transmitted to other markets. More recent papers use Vector Error Correction (VECM) specifications to study the links between the European and the U.S. stock markets (Gerrits and Yuce (1999) and Bonfiglioli and Favero (2005) ), between the Latin American markets (Cheng, Firth and Meng (2002) ) or between Asian emerging markets (Masih and Masih (1999) ).
With respect to the literature on lead-lag relationships between markets for related assets using high frequency data, a large number of studies investigate the dynamic interactions between stock index and futures prices or between ADRs and stock prices. Most of this literature focuses on the U.S. or the U.K. financial markets. For instance, Hasbrouck (2003) empirically investigates the intraday price discovery in the U.S. equity index markets. Arbitrage opportunities between the index and its futures contract imply that the price series are cointegrated, suggesting a VECM to study the price leadership in these markets. Abhyankar (1995) and Gwilym and Buckle (2001) also use a VECM to examine the lead-lag relationship between the FTSE 100 index and the derivatives contracts, which are based upon it. The aim of these papers is to determine how movements in prices are transmitted between markets for related assets.
In this study, the temporal interrelationships between three geographically associated markets are analyzed. From an econometric perspective, its focus is similar to the one in this branch of literature as we employ the asem econometric techniques as the ones used in these papers. Using one-minute return data, our analysis tests and rejects any cointegration relationship between the DAX, the Eurostoxx 50 and the FTSE 100 futures contracts. Accordingly, a VAR approach is used to examine the intraday interdependencies between the futures returns on the three indices.
In recent years there has been a growing literature looking at the impact of macroeconomic announcements on U.S. and U.K. financial assets. The majority of these studies uses regression analysis where the announcements are included as exogenous variables in the Ordinary Least Square regressions. For example, Gwilym et al. (2001) investigate the impact of U.K. scheduled macroeconomic news announcements on the FTSE 100 and on the short sterling futures contracts. Similarly, Clare and Courtenay (2001) investigate the effects of U.K. macroeconomic news on selected futures contracts. They use a non-parametric test to document the initial reaction of London International Futures and Options Exchange contracts to a wide set of scheduled announcements. Our study also analyzes the effect of macroeconomic news on stock market returns. Nevertheless, it needs to be emphasized that the focus of our study is not to characterize the effects of a particular item of news on the stock returns, but to study whether the dynamic interactions between the DAX, the Eurostoxx 50 and the FTSE 100 futures returns change when macroeconomic data is released.
A large number of studies document the impact of economic news on exchange rate volatility or on the returns themselves. Examples are Almeida, Goodhart and Payne (1998) and Andersen, Bollerslev, Diebold and Vega (2003) . These two papers compare the effects of pre-scheduled news (U.S. news in both cases) with the effects of non-scheduled releases (German news). Both studies report that the reaction of the exchange rates to the U.S. scheduled announcements is different from the reaction to the German non-scheduled announcements. In addition to their results, our study demonstrates that the announcement timing affects the intraday co-movements between the different stock exchanges.
While previous research shows that home country macroeconomic surprises influence home country asset prices, few studies investigate the influence of domestic announcements on foreign stock prices. Becker, Finnerty and Friedman (1995) attribute the interactions between the U.K. and the U.S. stock markets to U.S. economic information, namely to the "public information hypothesis". In particular, they study the response of U.K. equities during the half-hour following the U.S. economic announcements at 14:30h London time. They find that the correlation between the FTSE 14:30h-15:30h and the U.S. overnight returns is higher on announcement days that on non-announcement days. However, they can not study the short-term interactions between both stock exchanges following the announcement minutes because the U.S. stock exchange is not open by then. Our data set allows us to investigate how domestic announcements affect the short-term interactions between different markets.
Based upon on a different argument, Connolly and Wang (2003) explain the return co-movements for the U.S., U.K. and Japanese equity markets with an imperfect learning theoretical model. They examine the return co-movements in these equity markets with a focus on the distinction between economic fundamentals and contagion. Their results show that the bulk of observed co-movements in returns of the international equity markets cannot be attributed to public information about economic fundamentals.
This study is linked to these papers because we also analyse the co-movements between different stock prices. We analyze if these co-movements can be attributed to the public information flow, as measured by the news on macroeconomic fundamentals. However, our analysis differs from theirs since we use a microstructure approach and our focus of attention is the short term effects exploiting the microstructure information contained in our high frequency data set.
The recent availability of high frequency datasets from different stock exchanges allows investigating short-term international stock market interactions. The data used in this research consists of minute-by-minute futures prices for the FTSE 100, the DAX and the DJ Eurostoxx 50 indices. To our knowledge, this is the first empirical research that explores the short-term return spillovers between the Eurostoxx, the DAX and the FTSE futures returns. With respect to the role of economic news in explaining stock returns co-movements, this research is to our knowledge the first analysis that incorporates German and Pan-European news to investigate international returns spillovers.
To start with, this study investigates the short-term dynamic spillovers between the futures returns on the DAX, the DJ Eurostoxx 50 and the FTSE 100. This analysis is extended by examining whether economic news is one source of international stock return co-movements. In particular, we test whether stock market interdependencies are attributable to reactions of foreign traders to public economic information. To the extent that there are common factors in business cycles, macroeconomic news in one country may reveal information about future cash flows or discount rates in many countries, not just in the home country. This observation suggests that one source of market return co-movements may be macroeconomic announcements. Connolly and Wang (2003) and McQueen and Roley (1993) present evidence to test this "public information hypothesis". In order to evaluate this view, we examine the question of how the stock indices react to economic information emanating from Germany, the Eurozone and UK. In the final step, we investigate how the intermarket relationships change at the time of economic news releases. Thus, we analyze whether cross-market linkages remain the same or whether they do increase during periods in which economic news is released in one of the countries. 2
Our main results can be summarized as follows: (i) there are clear short term international dynamic interactions among the European stock futures markets; (ii) foreign economic news affects domestic returns; (iii) futures returns adjust to news immediately; (iv) announcement timing of macroeconomic news matters; (v) stock market dynamic interactions do not increase at the time of the release of economic news; (vi) foreign investors react to the content of the news itself more than to the response of the domestic market to the national news; and (vii) contemporaneous correlation between futures returns changes at the time of macroeconomic releases.
The remainder of this paper is organized as follows. Section II introduces the dataset and some preliminary statistical analysis. Section III describes the methodology. Section IV discusses the empirical results. Section IV.1 presents the results on the dynamic relationships among the European stock returns. Section IV.2 investigates how the economic news is transmitted across markets. Section IV.3 examines how the cross-market relationships change in the minutes after the release of economic data. Finally, Section V draws the conclusions.
II.
Data and Preliminary Statistics
We use real-time macroeconomic announcements and high frequency stock market returns to test our hypothesis. In particular, we use returns calculated over one-minute intervals. Such high frequency data allows us to probe the workings of the marketplace in powerful ways because: (i) we avoid problems related to the existence of non-synchronous trading periods between countries (see Karolyi and Stulz (1996) ); (ii) we measure more accurately the effect that macroeconomic news announcements have on stock prices (Andersen et al. (2003) ) by focusing on episodes where the source of price revisions is well identified, thus leading to a high signal-to-noise ratio; and (iii) we are able to test the theoretical assumption that foreign news are first incorporated into foreign stock prices and only then into domestic stock prices.
The dataset of stock indexes futures contracts covers the period between 1 July and 31 August 2001. The intraday data consists of equally spaced thirty seconds snapshots of the most recent transaction price for the futures contracts published on the screens of Reuters Information Systems. The contracts included are the futures on the DJ Eurostoxx 50, on the DAX and on the FTSE 100 index.
The DJ Eurostoxx Index comprises the 50 Euro Zone (excluding U.K. and Switzerland) blue-chip companies with the largest free float market capitalization. 3 The trading hours are 08:00h until 16:30h London time. 4 The DAX is the German Stock Index, which comprises Germany's thirty largest market capitalization companies. Its futures contracts are also traded on the Eurex Stock Exchange between 08:00h and 16:30h. The FTSE 100 Index Futures are traded on the London International Futures and Options Exchange (LIFFE) between 08:00 and 17:30h. As our interest relays upon studying the dynamic interactions between the different exchanges, only the common trading hours are included in our analysis, namely intraday data between 08:00h and 16:30h.
Regarding zero observations, i.e. those minutes with one or two of the index returns equal to zero are substituted by the corresponding thirty seconds returns. The original data set includes the transaction prices for the contracts on, for instance, 2 July at 9:00:00h, at 9:00:30h, at 9:01:00h, etc. For example, if the DAX futures return between 09:00:00h and 09:01:00h is zero, the one minute return of the three series are substituted for the corresponding 30 seconds returns, i.e., the returns between 09:00:30h and 09:01:00h are calculated for each series. Otherwise, zero observations are left in the dataset as they contain information in our analysis, namely, no trades are crossed at that particular minute. In total 4.0 percent of the DAX returns, 9.1 percent of the Eurostoxx returns and 5.8 percent of the FTSE returns are equal to zero. After cleaning the data, the sample contains 21,790 one-minute observations for each of the futures on the DAX, Eurostoxx 50 and FTSE 100 indices.
We calculate returns over one-minute intervals. This return R t is defined as the log of the last transaction price of the current minute interval P t minus the log of the last transaction price of the previous minute interval P t-1 , i.e, R t = ln(P t ) -ln(P t-1 ). Descriptive statistics of the returns are reported in Table 1A . The returns present typical features of high frequency data: the sample skewness is 0.0 for the three series, but the sample kurtoses are well above the normal value of 3, which indicates that the returns are symmetric but fat-tailed relative to the normal distribution. The FTSE 100 futures contracts are the only ones that yielded on average positive returns during the sample period studied. Table 1B reports the sample autocorrelations of the futures price series and of the futures returns series for the DAX, the Eurostoxx 50 and the FTSE 100 stock indexes. The sample autocorrelations of all price series present very large values of first-order autocorrelation and die off very slowly, which indicates that futures prices are quite likely to be processes integrated of order one. The lower part of Table 1B documents the autocorrelations of the futures returns. Only the FTSE 100 returns present negative first order autocorrelation. This empirical finding has been previously documented by Glosten and Milgrom (1985) . If the transaction prices bounce between the bid and the ask levels, a negative serial dependence is noted in the time series. A likely explanation for the fact that no observation is made of a negative first order autocorrelation with the DAX and Eurostoxx 50 returns may be that in our sample the intraday average bid-ask spread for the DAX futures contracts is 0.12 percent, for the Eurostoxx 50 futures contracts is 0.13 percent and for the FTSE 100 futures contracts the bid-ask spread is 0.23 percent, nearly twice as large as that on the previous contracts. 5 Table 1C provides the correlation matrix of the stock index futures returns between the three markets. As expected, there are strong positive correlations between the three markets. In particular, the correlation between the DAX and the Eurostoxx 50 futures is 0.718. This high correlation is due to the fact that, as pointed out before, by 1 July 2001, thirteen out of the fifty members of the Eurostoxx 50 index were German companies, which represented 24 percent of the market capitalization of the index. This fact makes it worth testing whether there is any cointegration relationship between the future contracts. Would that be the case, then the future prices movements are driven by the same components in the long-term.
To test whether two series are cointegrated, first we test if each series is integrated of order one, i.e., I(1). Table 2A details the Augmented Dickey Fuller (ADF) unit root tests of stationarity in the levels and first differences of the futures price series (in natural log form) of the DAX, the Eurostoxx 50 and the FTSE 100. The test results show that the null hypothesis that futures prices levels are non-stationary is not rejected for the three markets. The null hypothesis that the first log differences in these futures indexes are non-stationary is strongly rejected. These results indicate that the price series of the futures on the DAX, the Eurostoxx and the FTSE follow an I(1) or nonstationary process and thus, should be differenced to achieve stationarity.
TABLE 2 AROUND HERE
The Johansen Cointegration test for each pair of prices is recorded in Table 2B . At the 5 percent significance level, the results in Table 2B indicate that all the tests reject the existence of a cointegration relationship between the stock markets included in our analysis. In other words, the DAX, the Eurostoxx 50 and the FTSE 100 future prices do not share a long-term equilibrium. As a consequence, the appropriate econometric specification to model the dynamic interactions between the three futures markets is a VAR approach, and not a VECM.
The other part of our data set consists of Eurozone, British and German macroeconomic announcements covering the same period plus a market expectations series for each type of announcement. The expectations series are obtained from Money Market Services International. Using the expectations series enables us to classify the announcements into an unexpected and an expected component. The macroeconomic data series are supplemented with the inclusion of Monetary Policy Committee interest rates decisions by both the European Central Bank (ECB) and the Bank of England (BoE), -including 'no change' decisions -, the release of the weekly European Financial Statement of the ECB and the publication of the CIPS Service Reports and the Changes in Official Reserves for the U.K.
On the one hand, the Eurozone and the British releases reach the market at the official prescheduled announcement time. Eurozone macroeconomic data is generally released at 11:00h. The ECB interest rate decisions are scheduled at 12:45h.. British announcements are generally released at 09:30h and BoE interest rate decisions at 12:00h. On the other hand, German releases are not announced at regular prearranged times. To include the macroeconomic news data in our analysis, the series is classified according to the country of origin and their sign, i.e., if they represent good news for the market or bad news for the market. 6 The full set of macroeconomic announcements used in our study is presented in Table A1 in the Appendix along with the days and release times.
III. Methodology
This section introduces the empirical framework for studying the dynamic interactions between the futures prices on the DAX, on the Eurostoxx 50 and on the FTSE 100 indices. From an econometric perspective, the Vector Autoregressive (VAR) approach is suitable for the analysis of dynamic linkages among the markets since it can capture the main cross-market interactions and it can simulate the responses of a given exchange to innovations in the other markets.
The initial model specification in this section is an unrestricted VAR approach on the returns of the three futures contracts. Each return is affected by its own lagged returns and the past movements on the other stock exchanges. The general form of the unrestricted VAR system is:
where R j,t is the return of the index j at time t. j = DAX, Eurostoxx and FTSE indices. The β j,r measure the spillovers between markets j and j' captured by lagged returns, where K is the number of lags. u j,t is a vector white noise process with E(u t u t ') = Ω for all t. Notice that in absence of market restrictions and cost of capital, the constant term α j should be zero. This initial VAR specification will be used to analyze the short-term dynamic spillovers between the future returns on the DAX, the Eurostoxx and the FTSE 100.
Next, to analyze the impact of news on stock market returns, the series of macroeconomic releases are introduced as exogenous variables in the VAR specification. The new VAR system is
for j = DAX, Eurostoxx and FTSE. Each category of news i is allowed to affect futures indices up to S minutes after the news is released.
According to the efficient markets hypothesis, only the unexpected part of the announcements should have an impact on stock returns. If we denote x t as the actual announced economic figure at moment t and e t x as its correspondent expected value, then
represents the unexpected part of the release or the "news" contained in the announcements, which is included in our regression. The coefficients θ i,s measure the impact of news on stock returns. Evidence supporting the "public information hypothesis" is collected by domestic news affecting foreign stock returns, namely if the coefficients θ i,s are significant in the R j,t equation.
In practice we introduce the macroeconomic releases as exogenous dummy variables in the VAR equations. 7 According to our classification of news, i.e., country of origin and sign of the surprises (see table A1 in the Appendix), we introduce six new dummy variables ne t i x , , where i stands for positive and negative surprises emanating from British, Eurozone and German announcements. Each dummy variable is a series of zeros with observations equal to one on the minutes in which economic data is released. 8
Finally, to assess whether the dynamic spillovers between the domestic and the foreign returns change during periods in which macroeconomic data is released, an interaction coefficient is introduced. Formally, we impose the following constraint on β in equation (1) ( )
As in the previous equations R j,t corresponds to the return of market j in minute t. A positive and significant coefficient β 1 indicates that the lead of the domestic market strengthens in the wake of local macroeconomic news releases. On the other hand, a negative and significant coefficient β 1 provides evidence of a weakening in the lead of domestic returns at the time of domestic announcements.
One of the criticisms of the unrestricted VAR models is that the Impulse Response Function and the Decomposition of the Variance are sensitive to the assumed origin of shocks and to the order in which they are transmitted to other markets. We overcome this problem by using the Generalized Impulse Response and Variance Decomposition described by Pesaran and Shin (1998) . The generalized functions are invariant to the reordering of the variables in the VAR. The generalized impulse responses from an innovation to the j th variable are derived by applying a variable specific Cholesky factor computed with the j th variable at the top of the Cholesky ordering.
As the system is just identified, we estimate the unrestricted VAR in equation (1) by applying OLS equation by equation. All the tests in this study are computed using heteroskedasticity and serial correlation consistent standard errors (HAC), which perform heteroskedasticity-robust inference about the coefficients and are asymptotically robust to residual heteroskedasticity unknown form.
IV. Discussion of Empirical Results
IV.1 Dynamic Spillovers between European Stock Exchanges
This subsection presents the empirical results on the dynamic spillover effects between the futures returns on the DAX, on the Eurostoxx 50 and on the FTSE 100. Furthermore, it also assesses whether the transmission of price movements is symmetric or asymmetric with the London Stock Exchange. In particular we discuss the results of the estimation of our baseline VAR model in equation (1). The number of lags K=9 is chosen based on the Akaike Information Criteria (AIC).
The VAR estimates capture important cross-market linkages. For sake of space, the estimated coefficients of the VAR system are not reported. Instead, the Wald test is noted in order to examine whether the lagged domestic returns are jointly significant in the foreign returns equations and the generalized impulse response functions of the system and its variance decomposition are examined. Table 3 reports the F-statistics of the Granger Causality Tests. Table 3 indicate that there are clear short-term dynamic interactions between the DAX, the Eurostoxx 50 and the FTSE 100 futures returns. This finding indicates that past returns in the foreign markets influence subsequent domestic returns. Figure 1 displays the impulse response functions, which dynamically simulate the VAR system (1).
INSERT FIGURE 1 HERE
Several interesting patterns of market returns interactions can be drawn from this figure. (i) innovations in the domestic stock exchange are transmitted to foreign stock exchanges; (ii) all the markets attain the maximum response one minute after a shock in any foreign stock exchange has been introduced; (iii) the three futures react up to four or five minutes after the shock in one of the foreign markets has been introduced and (iv) domestic returns tend to reverse the returns realized in the preceding minutes and the effect of a shock upon the domestic market is internalized within the same minute of the introduction of the shock Finding (iii) points out that the DAX and the Eurostoxx 50 futures adjust to movements in the FTSE futures prices as fast as the FTSE adjusts to movements in continental European futures prices. Nevertheless, it is interesting to note that the magnitude of the initial response of the Eurostoxx to a shock in the FTSE 100 is larger than the initial response of the FTSE 100 to a shock in the Eurostoxx 50 (2.25 ⋅ 10 -4 vs. 1.73 ⋅ 10 -4 ). Our findings reveal that, even though the crossmarket spillovers are asymmetric with the FTSE 100 price movements, the FTSE 100 futures prices are not isolated from foreign futures prices movements. Finally, domestic returns tend to reverse returns realized in the preceding minutes and the effect of a shock upon the domestic market is internalized within the same minute as the introduction of the shock, which is consistent with the efficient market hypothesis.
The variance decomposition attempts to gauge to what extent the variance of certain markets are explained by other markets. The results in Table 4 demonstrate that most of the decomposition of the forecast error variance is picked up within the first minute after the shock has been introduced.
The results in Table 4 also indicate that the DAX and the Eurostoxx 50 futures affect each other in a very similar way. Furthermore, the British futures market appears to be the most exogenous one, as most of its variance is explained by its own innovations; five minutes after the shock, 71.8 percent of the FTSE variance is explained by its own shocks, unlike the variances of 56.4 percent and 56.8 percent respectively of the DAX and the Eurostoxx 50 which are explained by their own innovations.
INSERT TABLE 4 HERE
These findings with respect to interdependencies between different stock exchanges could superficially appear to be inconsistent with market efficiency. A couple of observations concerning these results need to be made. First, the minute-by-minute average return changes are small. Thus, even if some predictive ability can be achieved with the analysis we performed, it may still not offset the transaction costs. Second, the extent to which the minute-by-minute fluctuations in stock markets can be explained by their immediately preceding time path is not large. The R 2 values of the three VAR equations fall into the range 0.012 to 0.024.
To summarize, the results in this section show significant short-term dynamic spillovers between the LIFFE and the Eurex futures markets. Our empirical evidence suggests that the FTSE 100 futures are the most influential ones. However, our results do not display a clear lead-lag relationship pattern between the European stock exchanges in which, for instance, the FTSE 100 index leads the price evolution and continental European futures follow its movements. Furthermore, we find that the spillovers vanish within the next five minutes after a change in any of the futures prices, which indicates that these markets are efficient when responding to movements on other stock exchanges.
IV.2 Macroeconomic News and Stock Market Returns
This subsection presents the empirical results on how the futures returns react to economic information originating in Germany, the Eurozone and the U.K. To test for systematic effects of the news on the stock market returns, we repeat the analysis of the previous subsection including the effect of the economic news in the VAR system as specified in equation (2). In the estimation, the news is allowed to affect the evolution of stock prices up to ten minutes after the announcement has been released. 9
From the cumulative estimated coefficients and the F-statistics reported in Panel A of Table 5 few points are worth noting: (i) as expected, domestic returns are mostly affected by domestic news releases; (ii) news identified as "good surprises" positively affects stock returns and news designated as "bad surprises" negatively affects stock returns; (iii) news on domestic macroeconomic data significantly affects foreign futures returns. In particular, German news always affects Eurostoxx 50 returns (F-Statistic = 2.341 and 2.187) and Eurozone negative news affects DAX returns (F-Statistic = 3.889); (iv),our results also show that positive German news significantly affects the three futures returns. This finding suggests that British investors are also aware of macroeconomic news originating from continental Europe; (v) British positive news significantly affect DAX returns (F-Statistic = 1.945) and Eurostoxx 50 futures returns (F-statistic = 1.675). This last effect is mainly due to the response of the markets to the cut in U.K. interest rates on 2 August, 2001. This last finding empirically supports the current literature on the effects of monetary policy on stock prices. Rigobon and Sack (2002) establish the links between monetary policy and stock prices and conclude that increases in short-term interest rates result in a decline in stock prices, which is consistent with our findings. Table 5 indicate that future returns adjust to both domestic and foreign news immediately. The main effect of all the news on futures returns, except for positive German news, is within the same minute of the release. Moreover, the full response to the news occurs within two minutes of the release.
With respect to the British news, positive releases have a strong, significant effect on the FTSE 100 futures; its initial impact on the FTSE 100 returns is θ up,0 = 0.718. Positive announcements have a large and persistent effect not only on the FTSE contracts, but also on the Eurostoxx 50 (θ up,0 = 0.438) and DAX (θ up,0 = 0.456) indexes futures. Buckle, Gwilym, Thomas and Woodhams (1998) also study the effects of British news on the FTSE 100 future contracts. They include dummy variables to take news into account. Using five minute windows, they find that none of the dummy variables turns out to be significant. Accordingly, their results suggest that news does not affect the mean returns. On the contrary, our results indicate that British news does have an effect on stock prices but that the price adjustment to news takes less than five minutes. Regarding the timing of the adjustment, our results are in line with those of Clare and Courtenay (2001) . For the FTSE contracts, they also illustrate that the mean returns peak in the first minute following the British announcements and then they decline sharply.
With respect to the Eurozone news, to our knowledge, no research has analyzed its effects on futures prices. Our results suggest that Eurozone announcements have a larger explanatory power than news originating from other countries on the Eurostoxx 50 futures price movements.
Interestingly, we also find that Eurozone news immediately affects the DAX (θ ep,0 = 0.549 and θ en,0 = -0.952) and the FTSE 100 futures returns (θ ep,0 = 0.247) in a significant way . Curiously, our results exhibit that the positive Eurozone news has an effect on stock returns of the form ...0,0, +1, -1, +1..., i.e. the stock prices react positively within one minute of the release, there is a rebound after the initial news shock, but this rebound is then reversed. Other authors like Goodhart, Hall, Henry and Pesaran (1993) also document this initial overreaction of stock prices to macroeconomic news. However, it needs to be stressed that the initial effect of the news is always lower than 0.07 percent, the magnitude of this coefficient is not big enough to make systematic profits from the announcement release.
Unlike the other announcements, the German releases do not have pre-advertised release dates and times. Therefore, it is possible to examine how pre-scheduled announcements affect the response of stock exchanges to news. We would expect that futures returns response to non-scheduled announcements is completed more slowly than the response associated to scheduled releases. Table  5 shows that this is the case for positive German news. The markets do not react to the news within the first minute of its release but they react one minute later. We may think that international investors wait to observe the reaction of the DAX index and then respond as soon as the DAX index moves. However, the DAX index's response to positive German news also peaks one minute after the releases (θ gp,-1 = 0.333 vs. θ gp,0 = 0.297), which indicates that foreign investors react to the news itself and not the DAX index's response to the German news.
Overall, when the macroeconomic releases are included in our analysis, the news significantly affects the domestic futures returns as well as the international futures returns. This evidence supports the "public information hypothesis" and demonstrates the importance of economic information in explaining international equity market linkages. Furthermore, we find that the general response of the stock returns to news is very quick, characterized by a jump within the same minute and the minute following the announcement and little movement thereafter.
IV.3 Effects of Macroeconomic News on Stock Market Interdependencies
This subsection presents the empirical results on whether cross-market linkages remain the same or whether they increase in the minutes following the economic announcements. In other words, we investigate whether investors follow the FTSE index response to British news or whether they respond to the news itself. In the previous subsection IV.2 the discussion focused on how domestic news affects foreign futures returns. In this subsection we go one step further and investigate how interactions between domestic and foreign futures returns change around periods when macroeconomic data is released. In the first step, we analyze the changes in the lead-lag relationship between futures markets at the time of the announcements. In the second step, we focus on how the contemporaneous correlation between futures markets changes during the announcement releases.
To test the impact of macroeconomic releases on the lead-lag relationship between DAX, Eurostoxx 50 and FTSE 100 futures returns, interaction variables ne t
x * R i are introduced into the system (3). These variables assume the value of one if observation t lies within five minutes prior to the news releases or ten minutes after the news releases and zero otherwise. As in the previous section we include ten lags in the new estimation. Panel A of Table 6 shows mixed evidence regarding the effects of macroeconomic news on stock market spillovers. Regarding the British news, the sum of the lagging interaction variable coefficient is insignificant in most instances. The F-Statistic does not reject the null hypothesis that the sum of the lagging coefficients on the interaction variables is equal to zero at 10 percent level. This implies that our analysis exhibits no significant changes in the lead-lag relationship between the FTSE 100 and the continental European futures at the time of the British economic news releases. Table 6 reports further evidence of the changes in the lead-lag returns relationship at the time of the economic releases. None of the individual estimated coefficients reported in this part of the table turn out to be significant at the 10 percent level. 10 Nevertheless, the negative signs of most of the coefficients confirm the previous result that the lead of the domestic market does not strengthen during periods when domestic economic news is released.
In subsection IV.2 we concluded that domestic news affects foreign futures returns. The results of the analysis performed in this subsection provide some evidence of a weakening in the lead of the domestic returns at the time of national macroeconomic news releases. If both findings are pooled together they suggest that, in the short-term, international investors do not wait to see the response of domestic markets to local news, but directly react to the information contained in the news itself.
To beter understand how the stock market interactions change at the time of the announcement periods the contemporaneous correlations are analyzed. The contemporaneous correlation between futures returns when there are no macroeconomic announcement releases are given as: ρ n = 0.432 for the pair FTSE-DAX, ρ n = 0.412 for the pair FTSE-Eurostoxx 50, and ρ n = 0.748 between the DAX and the Eurostoxx 50 returns. Table 7 presents changes in the contemporaneous correlations around announcement minutes. Panel A of Table 7 notes a significant increase in the contemporaneous correlation between the futures returns on the five minutes following the announcement. Specifically, the contemporaneous correlation increases from ρ u,before = 0.452 to ρ u,after = 0.492 for the pair FTSE-DAX and from ρ u,before = 0.315 to ρ u,after = 0.539 for the pair FTSE-Eurostoxx.
Having a closer look at the minute-by-minute return cross-correlation, we observe that the main increase in the contemporaneous correlation between the FTSE 100 and the continental European returns is not on the same minute when the news is released, but one minute before the announcements. The high co-movements one minute before the announcement (ρ u,+1 = 0.776 vs. ρ n = 0.432 for the FTSE-DAX pair and ρ u,+1 = 0.777 vs. ρ n = 0.412 for the FTSE-Eurostoxx pair) are due to the fact that British news is pre-scheduled, namely that all market participants know the exact minute in which the news is made public.
A plausible explanation for these findings may be that one minute before the news releases investors in the different markets do not trade but they wait for the actual announcement figure, as they know new information is about to arrive onto the market. The lower magnitude of the correlation during the announcement minute (ρ u,0 = 0.459 for the FTSE-DAX pair and ρ u,0 = 0.505 for the FTSE-Eurostoxx pair) may be explained by traders having diverging opinions about the impact of the released news on the direction of the prices; the traders respond then to new information according to their own views. After the initial response, contemporaneous comovements between the stock markets increase again; then investors extract the "common information" or common reaction of the market to the piece of news. Table 7 displays the change in the contemporaneous correlation coefficients at the time of the Eurozone announcement periods. Our results do not show a significant increase in the comovements between the Eurostoxx 50 and the DAX returns when Eurozone news is released. However, as we pointed out in Section II, the contemporaneous correlation between both indices returns is very high for the whole sub-sample (ρ = 0.718), which indicates that these two indices tend to move in a similar way. In contrast, the results in Panel B of Table 7 indicate that the contemporaneous cross-dependences between the Eurostoxx 50 and the FTSE 100 futures more than double when Eurozone economic news is released (ρ e,before = 0.222 vs. ρ e,after = 0.565). The lower correlation between both indices before the announcement releases is due to the time schedule of Eurozone news (11:00h), period in which the intraday volatility and the liquidity of both markets is relatively low. Table 7 characterizes the contemporaneous correlation between the DAX and the other stock indices at the time of German news announcements. As with news originating from other countries, our findings suggest that the contemporaneous correlation between indices returns increases just after the announcement releases (ρ g,before = 0.710 vs. ρ g,after = 0.749 for the pair DAX-Eurostoxx and ρ g,before = 0.466 vs. ρ g,after = 0.504 for the pair DAX-FTSE). When we focus on the minute by minute cross-country correlations, our results show that, in contrast to news emanating from other countries, neither in the minutes leading up to the release nor at the time it takes place do the linkages between the DAX and the Eurostoxx 50 increase (ρ g,+1 = 0.582; ρ g,0 = 0.646 vs. ρ n = 0.747). This result is in line with our hypothesis as German news does not have pre-set release times and investors do not know the exact minute of the release.
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Summing up, in this subsection the results obtained on the effects of British, Eurozone and German announcements on stock market co-movements are compared and some general conclusions are presented. The main feature is that the impacts on stock prices of news emanating from different countries are not similar. In particular, stock market interactions at the time of economic releases depend on whether the announcements have a pre-scheduled time, as is the case with British and Eurozone releases, or they do not have a pre-set release time, like the German announcements. On the one hand, the general pattern of co-movements when British and Eurozone economic data is released is an increase on the contemporaneous cross-correlations the minute before the release, a lower correlation during the announcement minute and a new increase in stock market comovements one or two minutes after the release. On the other hand, the co-movements between the stock exchanges the minutes prior to German releases do not increase due to the fact that investors do not know that economic data is about to be released.
V. Conclusions
This study has explored the short-term dynamic interactions between the returns on the DAX, on the Eurostoxx 50 and on the FTSE 100 futures. In addition, we have analyzed the role of public macroeconomic announcements as a source of international equity market linkages. A better understanding of the transmission mechanism and the market integration when new public information arrives onto the market may provide investors with more efficient strategies to speculate or hedge with stock indices. In the first part of our empirical analysis, the dynamic spillovers between the European stock exchanges were investigated. The second part studied the effects of macroeconomic news on stock market spillovers. The third part analyzed whether crossmarket linkages remain the same or whether they increase in the minutes following the economic announcements.
The main interesting empirical patterns of international futures' return interactions found in this research are as follows:
(i) even though there are clear dynamic interactions between the DAX, the Eurostoxx 50 and the FTSE 100 futures returns, there are no profit opportunities when trading the futures on these indices. Our empirical analysis does not identify a clear dynamic trading pattern in which, for instance, the FTSE index leads the futures movements and the continental indices futures follow its movements.
(ii) domestic macroeconomic surprises significantly affect the domestic and the foreign stock returns in the short-term. The general response of the returns to both domestic and foreign news is very quick, characterized by a jump in the same minute of the release and little movement thereafter. This result is consistent with the view that equity market linkages are partially attributable to common reactions to public economic information, namely with the "public information hypothesis".
(iv) dynamic cross-market linkages between the FTSE 100, the Eurostoxx 50 and the DAX futures do not strengthen at the time of economic announcements. Specifically, the lead of a market does not strengthen around domestic macroeconomic news releases. However, the contemporaneous correlation between the three futures returns increases in the minutes after macroeconomic data is released. (iv) the fact that official announcements have pre-scheduled times, as with British and Eurozone news announcements, or non pre-scheduled times, like German news releases, affects the short-term stock market interactions around announcement periods.
Overall, our results suggest that domestic investors directly react to the content of foreign news itself, they do not wait and follow the foreign market's response to the news. This evidence supports the "public information hypothesis" as a possible source of international stock market comovements and demonstrates the importance of public economic information in explaining international equity market linkages. However, our results also suggest that returns co-movements can not be only attributable to common reactions to economic information. The stock market spillovers are much stronger than the reaction of domestic stock returns to foreign economic news.
Generally, our results point out how important is the use of high frequency datasets to analyze and to better understand the dynamic interactions between different stock exchanges. The recent availability of new high frequency datasets from different stock exchanges provides an enormous potential for answering new questions on stock market interdependencies. As shown by the different results reported in this study, the information contained in these datasets is very rich and future research using high frequency data for analyzing stock market interactions will lead to additional interesting results.
Appendix -Table A1 Macroeconomic News Releases
This table presents the macroeconomic news releases employed in the empirical analysis. All times refer to London time. Unless otherwise stated, the announcements are reported as a month over month percentage change. ECB Financial Statement & Balance corresponds to the previous week. Their announcement dates are 7, 14, 21 and 28 August (14.00). A priory we did not have the median expectations for these announcements, but it turns out that they always have a positive impact in the Eurex market, and therefore they were included in the positive dummy variable. On the 3 August at 11.00, final Eurozone GDP (QoQ) was announced, but expected value equals announced value. 3 July and 1 August, 11.00, the Eurozone unemployment rate was released and its expected value was equal to the actual value. In the three cases, no surprise is included in our analysis. UK GDP (QoQ) was announced at 09.30h on 27 July and 22 August. Expected value equals to actual value and therefore, the announcements are not included here. The minutes of the MPC meeting (UK) were released at 09.30h on 5, 18 July and 8, 15 August. Beforehand, we do not know the sign of these releases. However, in section IV.3 these days are included in the announcement days subsample. Exactly the same situation corresponds to the release of the CIPS Service Reports and the Changes in Official Reserves, which were announced at 09.30h on 4 July and 3 August. Table 1B reports the sample autocorrelations of the futures price series and of the futures returns series for the DAX, the Eurostoxx 50 and the FTSE 100 stock indexes. All of the autocorrelations of prices are significant at the 1 percent level. The lower part of Table 1B documents the autocorrelations of the futures returns. For the returns autocorrelations, ** and * denote significance at the 5 and 10 percent levels, respectively. Table 1C provides the correlation matrix of the stock index futures between the three markets. Table 2A details the Augmented Dickey Fuller (ADF) unit root tests of stationarity in the levels and first differences of the futures price series (in natural log form) of the DAX, the Eurostoxx 50 and the FTSE 100. The test equations include both intercept and trend. The lag length in the ADF regression is set to three, four and two respectively in accordance to the Akaike Information Criteria (AIC). The 5 percent Mackinnon critical values for rejection of hypothesis of a unit root is -3.41. *** indicates significance at the 1 percent level. The Johansen Cointegration test for each pair of prices is recorded in Table 2B . To estimate the number of cointegration relations, Johansen (1988 Johansen ( , 1991 proposes two methods: the trace test and the maximal eigenvalues test. The test statistic examines the hypothesis of zero cointegration relations against the alternative of that all the series are stationary. The maximum eigenvalue statistic tests the hypothesis of zero cointegration relations against the alternative of one cointegration relation. Table 2B notes for each pair of prices the trace statistic in the first row and the maximum eigenvalue statistic in the second row. For each test, the maximum eigenvalue, the likelihood ratio test statistic and the five percent level critical values are detailed. The tests allow for linear trends in the original price series but not in the cointegration equations. 
Positive Eurozone News Releases
Table 4 Generalized Variance Decomposition
Variance decomposition of a one-standard deviation shock to each market is listed in Table 4 . The forecasting horizons are given for one to five minutes, ten and fifteen minutes ahead. Each row displays the forecasted error variance explained by the market in the column heading. The last column, labeled Foreign markets, shows the percentage of forecast error variance of the market in the first column explained by all other markets except the market's own innovations.
Due to a shock in: Decomp. of:
Table 5 VAR Estimates. Effects of the News on Stock Returns
Parameter estimates from VAR system (2):
Panel A reports the cumulative effect of each category of news on the future prices. The F-statistics testing the null hypothesis that the sum of the lagging coefficients on the news variables is equal to zero are also given. Panel B displays the effects of the news on stock returns at the same minute of the release and up to two minutes afterwards. All the estimated coefficients not reported in the table turn out not to be significant. The first two columns of this table refer to the DAX equation. Columns three and four pertain to the Eurostoxx 50 equation and columns five and six relate to the FTSE 100 equation. For sake of space not all the coefficients of the new estimations are reported. For notational convenience, the subscripts i are replaced by each category of news, namely gp stands for positive German news, gn denotes negative German news, up represents positive British announcements and so forth. For instance, with this notation, θ ep,0 is the coefficient that corresponds to the positive Eurozone news dummy the minute when the news is released. In the same way, θ un,-2 is the coefficient that corresponds to the negative British news dummy two minutes after the releases. Note that the news series are included as new exogenous variables in the VAR system. As they are uncorrelated with the error and they are independent of the past, their inclusion does not change the β j,r coefficients estimated in the previous subsection IV.1. All the coefficients and the standard deviations presented in this table are multiplied per 1,000. HAC consistent standard errors are reported. *, ** and *** indicate significance at the the 10, the 5 and the 1 percent levels, respectively. 
Panel A: Cumulative coefficients and F-statistics
R DAX,t R Eur,t R FTSE,t Coef. F-Stat. Coef. F-Stat. Coef. F-Stat. θ up,
Table 7 Contemporaneous Cross-Market Correlations at the Time of Releases
Panel A presents the contemporaneous correlation coefficients for the pairs FTSE-DAX and FTSE-Eurostoxx at about the time of the British announcement minutes. The coefficient ρ u,before depicts the contemporaneous correlation between the pairs FTSE-DAX (column one) and FTSE-Eurostoxx (column two) five minutes before the news is released. Similarly, the coefficient ρ u,after describes the returns' contemporaneous correlation in the five minutes after the announcements are released. Additionally, minute by minute contemporaneous correlation is also reported in this table. For instance, the coefficient ρ u,0 describes the contemporaneous correlation in the exact minute the news is released. Similarly, the coefficient ρ u,+1 is the contemporaneous correlation one minute before British releases and the coefficient ρ u,-2 depicts the contemporaneous correlation two minutes after the British announcements. Panel B presents the changes on contemporaneous correlations around Eurozone releases. Panel C characterizes the contemporaneous correlation between the DAX and the other stock indices at the time of German news announcements. Note that in this table no distinction is made between positive and negative news. All coefficients are significant at the 1 percent level. Only the coefficients with b are not significant at the 1 percent level. 
Figure 1
Generalized Impulse Response Functions to One Standard Deviation Shock
Column 1 draws the adjustment paths of the three markets when the DAX futures increase by one standard deviation. The second column depicts the response of each market when the Eurostoxx futures increase by one standard deviation and in the third column, a one-standard deviation shock is introduced in the FTSE equation. In each graph, the centre line represents the impulse response and the two dashed lines depict the two-standard deviation confidence bands. In the x-axis, minutes after the shock are drawn. 
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